Zinc oxide nanoparticles (ZnO NPs) 
INTRODUCTION
The field of nanotechnology is expanding rapidly and the usage of nanoparticles in industry brings great impact to the society, economy and environment (Ji et al. 2011) . Zinc oxide nanoparticles represent a type of nanoparticle most widely used in consumer products due to its unique characteristics. For instance, the presence of ZnO NPs provides a clear transparent appearance that allows them to be used in skin care products (Popov et al. 2005) . ZnO NPs are also commonly used in the electronics, rubber and food industries (Dastjerdi & Montazer 2010; Song et al. 2010) due to their chemical stability, adsorption ability and antimicrobial property (Osmond & Mccall 2010) . However, use of ZnO NPs may bring negative impact to the environment and to human health (Adams et al. 2006; Moore 2006; Wiesner et al. 2006; Zhao & Castranova 2011; Zhou et al. 2014) . Previous cytotoxicity studies of ZnO NPs using fresh water microalgae C. vulgaris were mostly focused on long-term exposure to theses NPs (Chen et al. 2012; Suman et al. 2015; Zhou et al. 2014 ). However, no study has been conducted to study the shortterm cytotoxicity of ZnO NPs on C. vulgaris. Thus, the present study involves cytotoxicity assessment based on short-term exposure of ZnO NPs to C. vulgaris. (200, 150, 100, 50 , and 10 mg/L) were prepared through serial dilutions from the stock solution. C. vulgaris cells from a day-3 culture with approximate cell density of 1 × 10 6 cells/mL were exposed to the different concentrations of ZnO NPs, respectively, for 12 h. Negative control consisted of cells cultured in BBM without ZnO NPs. All exposure tests were conducted in triplicates.
MATERIALS AND METHODS

PREPARATION
DETERMINATION OF CELL VIABILITY AND ALGAL BIOMASS
The number of viable C. vulgaris cells was determined using hemocytometer (Neubauer, Marienfeld, Germany) after the cells were exposed to ZnO NPs for 2, 4, 8, and 12 h, respectively. The cells without any distortion in shape and size and with intact membrane were identified as viable cells. The percentage of growth inhibition of C. vulgaris was calculated using (1) (Li et al. 2016 ).
% I = (µC -µT) / µC × 100.
( 1) where % I is the percentage of growth inhibition or cell death; μC is the mean value of viable cells in negative control; and μT is the mean value of viable cells in treatment.
The algal biomass was determined using spectrophotometer (GeneQuant 1300, GE, United States of America) at λ = 680 nm. BBM without algal cells was used as blank and the suspension of ZnO NPs without algal cells was used as positive control. The biomass yield in the treated samples was calculated by subtracting the absorbance value of positive control from the treated samples in order to take into account interference from ZnO NPs at 680 λ (Sadiq et al. 2011) . The percentage of reduction in biomass yield (%Iy) was calculated using (2).
% Iy = (bC -bT) / bC × 100.
( 2) where % Iy is the percentage of reduction in biomass yield; bC is the biomass in negative control; and bT is the biomass in treatment.
DETERMINATION OF CHLOROPHYLL FLUORESCENCE EMISSION
Inhibition of photosynthetic activity by ZnO NPs was estimated by measuring fluorescence emission of chlorophyll using a fluorometer (Promega Glomax Multi Jr., Promega, United States of America). The excitation and emission wavelengths were set at λ = 430 nm and λ = 663 nm, respectively. The percentage of change in the intensity of chlorophyll fluorescence emission was calculated using Equation 3 (Shing et al. 2012 ).
% fE = fC -fT / fC × 100.
where % fE is the percentage of change in chlorophyll fluorescence emission; fC is the fluorescence emission from negative control; and fT is the fluorescence emission from treatment.
RESULTS AND DISCUSSION ALGAL GROWTH INHIBITION
The number of viable cell was affected by the presence of ZnO NPs. The growth inhibition in negative control was fixed as 0% for the exposure tests. The number of viable cells decreased when the duration of exposure and the concentration of ZnO NPs were increased (Figure 1) . Suman et al. (2015) reported a similar trend on cytotoxicity effects of ZnO NPs on C. vulgaris. Nano-sized ZnO particles which are easily absorbed through cell surfaces, inhibited the growth of C. vulgaris and decreased the number of viable cells. Under microscopic examination, the cell membrane remained intact in untreated algal cells (Figure 2(A) ), whereas cell rupture and aggregation were observed in cells treated with ZnO NPs (Figure 2(B) ). The ruptured cells appear colorless due to the loss of chlorophyll through membrane damage. The aggregation of algal cells may be due to the secretion of algal exudates, for example exopolysaccharides (EPS) reported to be used in the protective mechanism during oxidative stress caused by the ZnO NPs on algal cells Brayner et al. 2010; Miao et al. 2009 ). The reduction in chlorophyll content may be caused by the inhibitory reaction of the NPs on photosynthetic electron transport chain (Barhoumi & Dewez 2013; Sadiq et al. 2011; Xiaoxiao et al. 2012) . Entrapment of ZnO NPs by the algal cells caused direct shading effect and thus decreased the light availability and disturbed the energy transduction process. This induced oxidative stress in the cells and affected their growth and chlorophyll content . The decline in chlorophyll content is further explained by the production of free radicals inducing the formation of reactive oxygen species, leading to impairment of the photosynthetic system II activity (Tang et al. 2013) .
Findings from the present study showed both dosage-and time-dependent inhibitions by ZnO NPs on cell viability, biomass and chlorophyll fluorescence emission of C. vulgaris ( Figure 5 ). The presence of ZnO NPs substantially reduced the viability of C. vulgaris cells, biomass and chlorophyll fluorescence emission. The change on chlorophyll content can be used to assess cytotoxicity effect on algal cells (Barhoumi & Dewez 2013; Iswarya et al. 2015) . The fluorescence property of chlorophyll has proven to be a useful tool for cytotoxicity evaluation (Shing et al. 2012; Tang et al. 2013) . In this study, the fluorescence emission of chlorophyll decreased with the increasing concentrations of ZnO NPs and the duration of exposure to the NPs (Figure 4) . Similar to the cell viability and algal biomass, ZnO NPs exhibited a dosage and time-dependent inhibition on chlorophyll fluorescence emission from C. vulgaris cells. At 12 h of inhibition, chlorophyll emission was reduced from 4.48 ± 0.69% to 25.95 ± 2.54% as the concentration The results obtained here for cytotoxicity studies are in agreement with that obtained in previous studies on Chlorella sp. using titanium dioxide and nickel oxide (Gong et al. 2011) nanoparticles. The similar outcome of the cytotoxicity effects with ZnO NPs were reported for other algae species, such as Anabaena flos-aquae (Tang et al. 2013) , Pseudokirchneriella subcapitata (Aruoja et al. 2009 ) and Picochlorum sp. (Hazeem et al. 2016 ).
CONCLUSION
The exposure of ZnO NP to C. vulgaris from 2 to 12 h has led to significant reductions in cell viability, biomass and chlorophyll fluorescence emission. This study confirmed the sensitivity of C. vulgaris to the short-term cytotoxicity of ZnO NPs. Thus, the microalgae C. vulgaris may serve as a bioindicator for the presence of ZnO NPs in the aquatic environment. 
